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Abstract 
Agility is a critical success factor for manufacturers in  volatile global environment and requires employees monitoring their 
performance and reacting quickly to turbulences. Thus, comprehensive information provisioning on all hierarchy levels is neces-
sary. Yet, existing IT systems, e. g., Manufacturing Execution Systems, scarcely address information needs of workers on the shop 
floor level. This causes uncoordinated waiting times, inflexibility and costly communication. To address these issues, we present 
the Operational Process Dashboard for Manufacturing (OPDM), a mobile dashboard for shop floor workers. We identify process-
oriented information needs, develop technical dashboard services and define IT requirements for an implementation. 
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1. Introduction 
Due to an ever more globalized world, the manufac-
turing industry faces constantly growing competition in 
a highly turbulent and volatile environment. Thus, agile 
company structures are a critical success factor for man-
ufacturers [1]. Agility-oriented management approaches, 
e. g., the Stuttgart Enterprise Model [2], are based on the 
concept of semi-autonomous, self-optimizing and dy-
namic organizational units. Employees in these units 
have to be able to monitor their performance as well as 
the status of the entire process, react quickly to turbu-
lences and identify and solve problems immediately. 
Hence, comprehensive information provisioning on all 
hierarchy levels is necessary.  
Yet, existing IT systems in manufacturing, such as 
Enterprise Resource Planning (ERP) or Manufacturing 
Execution Systems (MES), are designed for the enter-
prise control level and the manufacturing control level 
[3], not focusing on information delivery to the shop 
floor level itself [4]. Moreover, traditional approaches 
for information provisioning on the shop floor, e. g., 
information boards [5], typically provide only rudimen-
tary information about process performance, e. g., cur-
rent output volume. The information is mostly abstract 
and not comprehensive enough to support shop floor 
workers on an individual basis, especially in turbulent 
situations. E. g., in case of a sudden machine breakdown, 
all workers in previous and subsequent process steps 
have to be informed immediately not only about the 
outage but also the reasons and the estimated time to 
repair in order to reprioritize their work in the meantime. 
In addition, the worker at the faulty machine requires 
both information on the resulting backlog and possibili-
ties to share best practices and ideas with colleagues on 
how to quickly solve errors on  own. Generalized, 
it can be stated, that a lack of detailed and personalized 
real-time information across the entire manufacturing 
process causes uncoordinated waiting times, long deci-
sion making processes, inflexibility and costly commu-
nication on the shop floor, especially in turbulent situa-
tions [4]. 
To address these issues, we present the concept of the 
Operational Process Dashboard for Manufacturing 
(OPDM), a mobile dashboard for discrete manufacturing 
to empower workers and enable information transparen-
cy, process awareness and agility on the shop floor. The 
remainder of this article is organized as follows: First, 
we structure existing dashboard concepts and differenti-
ate our approach in Section 2. Next, we describe general 
information needs on the shop floor in Section 3, which 
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provide the basis for the definition of technical dash-
board services presented in Section 4. IT requirements 
and architectural aspects for the realization of the OPDM 
are described in Section 5. We conclude in Section 6 and 
highlight future work. 
2. Dashboard Concepts 
In the following, we first define the term dash-
board , next, we structure existing dashboard concepts 
and finally differentiate our concept of the OPDM. 
In general, the term dashboard is inspired by dash-
boards in automobiles and aircrafts. Digital dashboards 
refer to dashboards in the area of Business Intelligence 
(BI) [6] whereas no common, exact definition of the 
term exists [7]. We observe two types of definitions in 
literature: In the stricter sense, the term refers to tools for 
the graphical visualization of key performance indicators 
(KPIs) complemented by reporting functions for top 
managers, synonymously often called management 
cockpits [6]. In the broader sense, digital dashboards are 
intuitive and easy-to-use front ends for monitoring, ana-
lyzing and optimizing critical business activities by 
enabling users on all hierarchy levels to improve their 
decisions [8,9]. In this article, the term dashboard always 
denotes a digital dashboard in the broader sense focusing 
services and contents provided by the dashboard to the 
user. 
 
Based on a literature review, we identified major ex-
isting dashboard concepts in the context of manufactur-
ing. As shown in Fig. 1, we structure them according to 
the organizational level, that is, the hierarchy level the 
dashboard  services are designed for. It is based on a 
simplified version of the hierarchy model of manufactur-
ing [10] with the enterprise control level, comprising 
business-related activities like production planning, the 
manufacturing control level, comprising the manage-
ment of single manufacturing processes executions, as 
well as the manufacturing process level, comprising the 
physical process on the shop floor. In this article, the 
all steps and 
resources from the creation of the production order until 
the finishing of a part or product as defined in the work 
plan [11]. Workers are one type of resource and com-
prise all employees who are directly involved in the 
execution of a manufacturing process, e. g., by control-
ling machines. Moreover, we use the term business 
process  if talk about all other types of processes, e. g., 
procurement or after sales processes. 
Business Activity Monitoring (BAM) [12] and corre-
sponding dashboards focus on the real-time monitoring 
and analysis of critical business processes to identify 
irregularities in real-time and react promptly [13]. These 
dashboards are used on the enterprise control level and 
typically focus on KPI monitoring and alerting. 
Manufacturing control panels, also referred to as 
MES cockpits, are dashboards for manufacturing opera-
tions management used by production managers on the 
operations control level [3]. They are typically part of 
MES and support detailed scheduling, process monitor-
ing as well as resource management. Regarding analyt-
ics, control panels are mainly based on simple statistics 
and reporting with basic alerting services. 
Regarding dashboards for the shop floor, an initial 
Visualization System for Operational 
Logistics presented in [4]. It includes a dashboard for 
the real-time visualization of process performance in-
formation, mainly KPIs, for shop floor workers in logis-
tics. With respect to standard software solutions, SAP 
provides the Production Operator Dashboard [14] as a 
dashboard for workers. It mainly focuses on data acqui-
sition as well as presentation of work instructions. 
Our OPDM significantly differs from these existing 
approaches. We provide a generalized dashboard con-
cept for workers on the shop floor. It goes beyond pure 
process transparency  that is, presenting metrics-based 
process performance information  by providing data-
mining-driven and knowledge-based services on a mo-
bile device. 
3. Information Needs on the Shop Floor 
Based on a literature analysis, especially [3,4,9,15,16, 
17,18], we identified general information needs on the 
shop floor, that is, generalized areas of process-oriented 
information relevant for workers. These information 
needs are defined in the following and represent the 
basis for the development of concrete dashboard services 
described in Section 4. 
 Process context: Process context refers to information 
about both the context of the overall process, e. g., in-
formation on the goods to be produced, and about the 
context of the particular process step the worker par-
ticipates in, e. g., information on subsequent steps. 
Process context information supports workers in de-
veloping an understanding for the entire process, its 
Operational Process 
Dashboard for Manufacturing
Manufacturing Control Level
Manufacturing Process Level
Enterprise
Control Level
Manufacturing
Control Panel
Business Activity
Monitoring Dashboard
 
Fig. 1. Classification of dashboard concepts 
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goal and its importance for the company as well as
their own role and tasks in the manufacturing process.
Process performance: Process performance refers to
information about the technical and managerial per-
formance of the process. It is mainly based on metrics
to operationalize the effectiveness and efficiency of 
manufacturing operations, both on a process-wide and 
an employee-specific level. Process performance in-
formation supports self-optimization and decision 
making of workers by defining and measuring quanti-
tative goals.
Process knowledge: Process knowledge comprises a
wide range of information for both the actual execu-
tion of process steps as well as continuous process
improvement. That is, it encompasses mainly unstruc-
tured data, especially text, videos and photos, e. g.,
documented work instructions. Consequently, process
knowledge is an enabler for organizational learning.
Process communication: Process communication 
refers to the exchange of information between differ-
ent process participants both horizontally, that is, on 
the shop floor across the entire process, and vertical-
ly, that is, between different hierarchy levels. It ena-
bles interaction of employees, e. g., in case of excep-
tional situations. 
4. Dashboard Services
On the basis of the information needs described in 
Section 3, we conducted industry interviews, i. e., ex-
ploratory qualitative expert interviews, to detail and
validate the information needs and define corresponding
technical services provided by the OPDM. These ser-
vices are holistically applied to manufacturing processes
including all underlying resources like machines and
employees. Interviews were conducted with shop floor 
workers and production managers in a medium-sized 
German manufacturing company supplying the automo-
tive and mechanical engineering industry. In the follow-
ing, the services addressing each information need are
defined on a conceptual and industry-independent level. 
Hence, for an implementation, they have to be adapted 
to a specific industry in discrete manufacturing and a 
specific type of production. To illustrate our concepts,
we give the reader a screenshot-based impression for an
exemplary OPDM that may be used for the manufactur-
ing of car engines in an automated production line.
It has to be remarked, that some of the following
dashboard services, e. g., video conferencing like in 
Google Hangouts [19] and software-based management 
of improvement suggestions like in Synprovis Improve 
[20], are not novel if they are considered individually.
Yet, the novelty of our OPDM approach arises from the 
manufacturing-specific composition and data-analytics-
based enhancement of these concepts in a mobile dash-
board that is systematically tailored towards the specific
needs of shop floor workers.
4.1. Process Context
The process context area comprises three subareas.
The process responsibilities subarea encompasses a list 
of important persons in charge, e. g., the responsible
product manager or team leader, who can be contacted 
directly. Therefore, links to the process communication 
area (see Section 4.4) are provided.
The production order subarea shows a summary of 
the current production order with information about the
customer and the batch size of the order. The user can 
get details about the current production order and view 
both planned and already processed orders.
The process state subarea shows the process step, the 
current worker participates in, as well as the current state
of all subsequent and previous steps marked in green or 
red to get a quick impression about current anomalies or
failures in the entire process. In addition, a link to a
simplified graphical representation of the manufacturing
process, respectively the supply chain, is provided in 
form of a process flow chart. This is based on a simpli-
fied value stream visualization with different levels of 
detail. On a detailed level, the manufacturing process
with its single process steps is presented (see Fig. 2).
The user can browse the process flow chart at different 
levels of detail and automatically locate the process step 
he takes part in. Moreover, the chart is augmented by 
execution information about the current state of the
process and its resources. That is, the currently running
process steps are highlighted and basic performance
information, e. g., current failures and problems, is 
shown. In addition, details about each process step can 
be viewed, e. g., the name of the current operator, and 
links to process performance (see Section 4.2) and pro-
cess knowledge (see Section 4.3) of the respective step
are provided. On this basis, the worker develops an un-
derstanding for the overall process and grasps at a glance
the current situation beyond his local work place.
Process Flow Chart Engine Manufacturing Process
Station Status
running stopped    
A B C D E F G
RSTV U
Station R
Current operator: M. Smith
Process competence: Station Q
Station R
Station S
Station T
Station V
End of shift: 4:00 pm
Machine status:
Current status: running
Current alerts: tool change necessary
Knowledge for Station R
Performance of Station R
Fig. 2. Screenshot of a detailed process flow chart
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4.2. Process Performance
The process performance area is based on the graph-
ical visualization of a core set of business-critical met-
rics, that is, KPIs, and is subdivided into two areas as
shown in Fig. 3. The first area refers to the performance 
of the entire process and the whole factory with corre-
sponding KPIs, e. g., lead time and customer satisfac-
tion. The second area comprises KPIs for the perfor-
mance of the individual employee or the specific process
step, e. g., current machining time. Control charts used 
in statistical process control may be integrated as well.
For each metric, target and actual values are represented
in real-time to assess the current situation. Moreover, a
historical view is available to trace metric values over 
time.
To enable proactive and anticipatory acting of work-
ers, real-time prediction capabilities are provided, going
significantly beyond traditional BAM and control panel
approaches. Metric-oriented real-time prediction as 
presented in [21] enables the forecasting of KPI values
across the overall process based on data mining tech-
niques. If a process-wide KPI such as lead time is likely
to exceed a certain threshold, all employees are warned 
during process execution and can proactively take neces-
sary measures, e. g., speed up the process by employing 
special tools. In case, a predicted metric overrun was
prevented by the workers, the OPDM asks the workers 
to generate a corresponding improvement suggestion in 
the process knowledge area (see Section 4.3) to docu-
ment the measures taken as best practices. These best 
practices are automatically presented to the workers as 
hints in case of the next predicted overrun of the metric.
4.3. Process Knowledge
Process knowledge is based on two subareas as
shown in Fig. 4. The first subarea comprises interactive
process instructions for a selected process step, by de-
fault the respective step the worker participates in. That 
is, there are not only traditional textual work instructions
but additional photos and videos to enable a fast intro-
duction of new workers. General hints for safety and
health at work as well as information on production 
resources like machines are available in a similar way,
too.
The second subarea comprises a knowledge manage-
ment component for process improvement. It represents
a systematic solution for the creation, evaluation, sharing
and application of suggestions for continuous improve-
ments. These suggestions are created by workers using
text, photos, audio or video.
In general, there are four ways to generate sugges-
tions, namely solution-based, failure-based, complaint-
based and metric-based. In the former case, a worker
creates a new improvement suggestion by directly de-
scribing his solution, e. g., to rearrange the positioning
of certain tools to reduce handling times. In the second
case, a failure that occurred during process execution is
recorded and published by a worker without detailing a
solution, e. g., by taking a photo of a broken machine.
On this basis, all workers may propose solutions to avoid
the failure in the future. Each proposition including the
failure description represents a new solution-based im-
provement suggestion.
Similarly to failures, customer complaints provide the
basis for complaint-based suggestions. The worker can 
browse customer complaints with respect to his process
step and create corresponding improvement suggestions.
Finally, for metric-based suggestions, the worker selects
the process-wide metric, e. g., lead time, and formulates 
corresponding hints in case of a predicted overrun of the
metric. These hints are then used for proactive warnings
as described in Section 4.2.
In general, all submitted suggestions undergo an
evaluation phase in which all workers may rate them and
comment on them. If a certain rating threshold is
achieved or a time limit is exceeded, suggestions are sent 
to the responsible production manager for final decision.
This enables a community-driven improvement process 
Process Performance
Overall Process:
Current cycle time: 24h actual / 24h target
Overall cycle time: 45h predicted / 41h target
(whole process)
Customer satisfaction: 86 % / 100 %
Personal:
Machining time:   3h actual / 3h target
3h                                     9h
3/3
100 % 50 %
87 %
75 % Performance Warning
Process likely to exceed maximum overall
cycle time. 
Hint: Use tool T120 to speed up machining.
Helpful information:
Customer Complaints
Machine Manuals
24h                                   30h24/24
Fig. 3. Screenshot of the process performance area
Process Knowledge
Process Instructions: Process Improvement:
Search: Change tool machine XY
Browse Results
Video Tutorial: How to change a tool
Fullscreen
Solution to excessive tool wear at machine XY
Read More
Created by: Rick
Create New Suggestion
Created by: Tom
Documents:
Tutorials:
Station R
Work Instructions
Machine Manuals
Safety Instructions
Video Tutorials
Fig. 4. Screenshot of the process knowledge area
209 Christoph Gröger et al. /  Procedia CIRP  7 ( 2013 )  205 – 210 
 
integrating the valuable shop floor knowledge and 
hands-on experience of all workers. 
4.4. Process Communication 
Process communication is based on two main compo-
nents for company-internal communication: a compo-
nent for asynchronous message exchange as well as a 
real-time conference component. A message can com-
prise text, audio, video or photo data and can be ad-
dressed to various recipients, e. g., all team members the 
worker belongs to or the responsible production manag-
er. In contrast to process knowledge information, ex-
changed messages are only temporarily relevant and 
expire at some point in time, e. g. at the end of the cur-
rent work shift. 
The individual worker has a personalized view on the 
messages according to the process step he participates 
in. Process communication is designed to be simple and 
easy-to-use to encourage and foster information ex-
change, e. g., in cases of turbulence. Workers can send 
short messages to quickly react in a coordinated way to 
exceptional situations or to get informed about news of 
their team. Moreover, team leaders and production man-
agers can quickly assign special tasks to worker by send-
ing individual messages. 
The conference component provides synchronous au-
dio and video conferences with individuals or groups to 
enable quick and easy-to-organize team meetings and 
conference calls in geographically disperse factory struc-
tures. The user can select one or more participants and 
start a corresponding real-time conference, e. g., to talk 
about a current failure. 
5. Technical Realization 
To realize the dashboard services, we define architec-
tural requirements for the underlying IT components. 
Organizational requirements, e. g., regarding the type of 
production and required user skills, are out of scope of 
this article. The OPDM can be seen as a BI application. 
Hence, to structure architectural requirements, we rely 
on the generic architecture of a BI platform [22] and 
focus on architectural singularities of the OPDM (see 
Fig. 5). On the basis of these requirements, we finally 
point out a suitable reference architecture, the Advanced 
Manufacturing Analytics (AdMA) Reference Architec-
ture [23], as a starting point for an implementation of the 
OPDM. 
On the data provisioning layer, the OPDM requires 
not only data about the manufacturing process including 
its resources, e. g., the current lead time and the states of 
machines, but additional operational data describing the 
subjects in the process, e. g., details about employees, 
customers and suppliers. Thus, a holistic data warehouse 
integrating process manufacturing data, e.g., from MES, 
as well as operational manufacturing data, e. g., from 
ERP systems, is a core requirement. In order to feed the 
OPDM with up-to-date information, data provisioning 
has to be done near-real-time. That is, data changes in 
the source systems have to be immediately propagated to 
the holistic warehouse using near-real-time extract, 
transform and load (ETL) concepts [24]. 
 
On the data analytics and result distribution layer, the 
OPDM requires both statistics and Online Analytical 
Processing concepts [22], especially for metrics calcula-
tion, and data mining techniques for prediction issues. 
Moreover, a component for storing and sharing of free 
form knowledge, i. e., unstructured data like video, au-
dio and text, is necessary to realize the OPDM areas 
process knowledge and process communication. There-
fore, concepts for wikis, chats and blogs [25] have to be 
considered. In addition, concepts for audio- and video-
based communication [26] are required to realize the 
conference system for process communication. 
With respect to the data presentation layer and the IT 
skills of workers, the user interface of the OPDM should 
be intuitive and easy-to-use, that is, it should be learna-
ble in a short time and the different components should 
be self-explanatory. Moreover, the services have to be 
personalized to take into account the different roles and 
tasks of workers in a process. Finally, a flexible mobile 
usage of the OPDM is necessary, as individual workers 
may change locations and walk through the factory. In 
view of these requirements, novel mobile devices, espe-
cially tablet PCs such as the Apple iPad [27] represent a 
interface. They enable mobile information delivery 
based on wireless network access in combination with 
intuitive touchscreen-based handling [27]. 
Taking these requirements, the AdMA Reference Ar-
chitecture [23] represents a suitable basis for the imple-
mentation of the OPDM, as it comprises the only manu-
facturing-specific holistic process warehouse currently at 
Data Provisioning
Holistic data warehouse with operational and process data
Near-real-time data provisioning
Data Analytics and Result Distribution
Metrics calculation, data mining-based pattern detection
Storing and sharing of free form knowledge
Audio- and video-based communication
Presentation
Easy-to-use and intuitive user interface
Personalized content composition
Flexible mobile access
 
Fig. 5. Architectural requirements 
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hand, the Manufacturing Warehouse [28]. AdMA is an 
architecture as well as a platform for data-mining-driven 
manufacturing process optimization and the OPDM can 
be seen as a user interface for the AdMA Platform on the 
shop floor. 
6. Conclusion and Future Work 
In this article, we presented the OPDM, a concept for 
a mobile dashboard for shop floor workers providing 
information on process context, process performance, 
process knowledge and process communication. With 
the OPDM, workers can grasp at a glance the current 
situation of the entire manufacturing process beyond 
their local work places, act proactively based on metric 
predictions, communicate with all participating workers 
using audio and video and share best practices and im-
provement suggestions. Thus, in combination with suita-
ble organizational structures, the OPDM enhances agili-
ty, transparency and performance on the shop floor using 
comprehensive real-time information provisioning. 
We are currently implementing the OPDM as part of 
the AdMA Platform. This represents the basis for future 
application and validation in an industry case study. 
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